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national income, are in store for us, we shall have, because 
of this condition of things, to face a constantly increased 
expenditure upon our fleet. 

These considerations are only typical of others which 
are well worth considering at the present juncture by 
men possessing the scientific spirit. What is the best 
way of utilising the combined forces of the Empire, in 
times of peace, under the present conditions ? It is clear 
that no merely sentimental bonds will be sufficient. We 
may add that peaceful conflicts between industrial peoples 
are not alone in question. 

With regard to preparation for war, history has 
already taught us much. Of two competitors, if one 
be fully armed both for offence and defence, and the 
other is not, there is no doubt as to what will happen. 
That nation will be the best off which utilises the greatest 
number of its citizens both for war and peace. A large 
standing army in times of peace is a clear indication 
that the scientific spirit has not been sufficiently applied 
to the problem, and it is to be hoped that now the future 
of the Nation is being discussed, the attempts to put our 
house in order will be made on scientific lines. 

Editor. 


RECENT ADVANCES IN THE CHEMISTRY 
OF THE PRO TEIDS. 

Chemie der FJweisskdrfier. Von Dr. Otto Cohnheim, 
Pp. x + 315. (Braunschweig : F. Vieweg und Sohn, 
1900.) 

INCE the publication of Drechsel’s article on proteids 
in Ladenburg’s Encyclopedia, no complete account 
of the chemistry of the proteids has appeared. The 
accounts given in the best known text-books of physio¬ 
logical chemistry are necessarily brief and incomplete. 
Dr. Cohnheim’s book is therefore a very welcome addi¬ 
tion to the literature of physiological chemistry, giving, 
as it does, a detailed account of the present stgte of 
knowledge with regard to the proteids. 

The book is divided into a general and a special part. 
The first deals with the physical and chemical properties 
of the proteids, then with the products of their decom¬ 
position, and finally discusses their structure and classifi¬ 
cation, In the second part, the characteristics of the 
different forms of proteids are considered in detail. 

In reviewing the book as a whole, it is impossible to do 
more than emphasise those features in which it shows a 
distinct advance as compared with its predecessors. 

The chief characteristics which distinguish the pro¬ 
teids as a sharply limited class of organic compounds are 
the following. They contain the elements carbon, 
hydrogen, oxygen, nitrogen and, as a rule, sulphur in 
fairly constant proportions, and although their constitu¬ 
tion is as yet unknown, the similarity in their chemical 
behaviour is so great that they may all be regarded as 
having a common chemical structure. Provisionally they 
may be divided into three groups, the native simple pro¬ 
teids, the compound proteids—in which a simple proteid 
is united to some other organic body—and the earlier de¬ 
composition products which still retain, in large measure, 
the chemical properties of the proteids from which they 
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have been derived. The compound proteids may con¬ 
tain, in addition to the elements already mentioned, 
phosphorus and iron. 

Their properties may be divided into physical and 
chemical. Taking the former first, the author selects, as 
their most characteristic property, the tendency of all 
native proteids to pass readily out of solution in the form 
of a more or less permanently insoluble precipitate or 
coagulum. 

Means otherwise chemically indifferent, such as 
mechanical agitation of their solutions, contact with 
porous substances, or evaporation of part of the water 
of solution, result in the separation of a flocculent pre¬ 
cipitate, which, on microscopic examination, is found to 
consist of minute particles tending to cohere so as to 
form membranes or threads of coagulated proteid. It 
is this property of proteids which explains their indiffusi- 
bility and the difficulty with which they undergo crystal¬ 
lisation. 

Chief amongst the physical agents which produce this 
change is heat. To the subject of coagulation by heat a 
special chapter is therefore devoted. In the presence of 
a fixed quantity of neutral salt of the metals of the 
alkalies, and a very faint acid reaction, the temperature of 
coagulation is fairly constant for each native proteid, and 
has proved of considerable value in their separation and 
classification. A variation in the quantity or nature of 
the salt used alters the temperature of coagulation of any 
given proteid. Further, the proteid that separates out 
from a faintly acid solution carries with it some of the 
acid, so that thesolution after coagulation is found to be less 
acid than before, or may even be neutral. The latter fact 
renders the coagulation of proteids by heat specially liable 
to fallacy as a method for their separation. The part played 
by the neutral salt in heat coagulation is still doubtful. 
Most observers have found that proteids, in solutions freed 
as far as possible from salts by dialysis, do not coagulate 
on heating j but the addition of a small quantity of 
neutral salt to the previously heated solution results in the 
separation of a coagulum. Cohnheim, therefore, regards 
coagulation by heat as invariably associated with the 
formation of an acid albumin insoluble in salt solution ; 
but soluble in the least excess of the acid used. The evi¬ 
dence, however, on the influence exerted by neutral salts 
on the temperature of coagulation is conflicting. There 
is evidence that, in some cases, a proteid solution, freed as 
far as possible from salts by means of dialysis, coagulates 
at a lower temperature than when a small quantity of 
neutral salt is present. By means of dialysis alone it has 
not, as yet, been found possible to obtain a native proteid 
free from ash, so that the influence of heat upon a native 
proteid solution free from mineral matter has not yet been 
studied. 

The next section of the book deals with the methods 
used for salting out proteids, and contains a complete 
account of the relative value of various salts as precipi- 
tants. Of all salts of the metals of the alkalies and 
alkaline earths, ammonium sulphate has the greatest 
precipitating power. Saturation with it precipitates all 
the native proteids from solution, and, with the exception 
of peptone, all the products of peptic or tryptic digestion 
still retaining proteid characters. Its precipitating power 
is increased by the addition of dilute acids, and, in the 
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case of some of the products of digestion, the addition of 
an acid is found necessary for precipitation. In neutral 
solution, the concentration of salt necessary for precipita¬ 
tion is found to vary with the nature of the proteid. 
Hofmeister and others have ascertained for a number of 
proteids the limits of concentration of ammonium sul¬ 
phate necessary for their precipitation, and upon this 
basis have founded the method of fractional precipitation. 
By this means it has been found possible to separate from 
a mixture of proteids fairly well defined chemical indi¬ 
viduals. 

Another method of separation that is being used to an 
increasing extent is that of crystallisation ; but, unfor¬ 
tunately, its application is somewhat restricted. Dr. 
Cohnheim has, probably for this reason, relegated the 
subject to the second part of his book. Egg-albumin, 
serum-albumin and lactalbumin are the only simple pro¬ 
teids of animal origin that have been obtained in a 
crystalline form. The first method devised is due to 
Hofmeister. He succeeded in obtaining crystals of egg- 
albumin from egg-white by first of all precipitating the 
globulin by half saturation with ammonium sulphate. 
When the filtrate was allowed to slowly evaporate, egg- 
albumin gradually separated out in the form of minute 
globules. By re-dissolving' the globules and repeating 
the process, he ultimately obtained well-defined crystals 
of egg-albumin which were purified by recrystallisation. 

A much simpler and more satisfactory method has 
been discovered by Hopkins and Pinkus. After half 
saturating the egg-white with ammonium sulphate some 
ammonia is given off, and it was found that, after neutralis¬ 
ing the ammonia with dilute acetic acid and then adding 
sufficient excess of acid to produce a slight precipitate 
of proteid, the crystallisation of the egg-albumin was 
rendered much more rapid. The crystallisation induced 
by this method occurs in closed vessels without any con¬ 
centration of the solution, and therefore without the risk 
of the separation of ammonium sulphate crystals along 
with the proteid ones. Fifth normal sulphuric acid has 
been also used, instead of acetic acid, with similar results. 
Up to the present few attempts have been made to 
separate different forms of albumin by means of fractional 
crystallisation ; but, since the work of Hopkins and others 
has simplified the process, one may hope for farther 
applications of the method in the future. The method 
may possibly'be found capable of extension to forms of 
proteid other than the albumins. 

In the succeeding chapter an account is given of the 
average composition of the simple proteids, and of the 
methods used in determining their molecular weight. 
None of the physical methods that have as yet been 
tested are sufficiently delicate to permit an accurate 
estimation of the molecular weight of the proteids. 
Measurements of the lowering of the freezing point and 
of the osmotic pressure have been tried ; but are very 
difficult to apply on account of the practical impossibility 
of obtaining proteid free from admixture with inorganic 
substances. A full account is given of the chemical 
methods, which yield more trustworthy results. Although 
the risks of fallacy are numerous, the results yielded by 
the chemical methods in many cases render it possible 
to give at least a minimum value for the molecular 
weight. 
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The author passes in the next place to a consideration 
of the chemical characters of proteids. They have the 
character of potential acids or bases, according to the 
alkaline or acid reaction of the solution. When one 
compares the different forms of proteid, one finds that 
either the basic or acid character may predominate. The 
simplest forms of proteids, such as the protamines and 
histones, have a well marked basic reaction. The greater 
number of the remaining simple proteids play the part of 
base or acid with almost equal readiness. As a rule, 
however, the acid character is more emphasised. Simple 
proteids have, as acids, a distinctly dibasic character. 
The compound proteids, for example, nucleoproteids, 
nucleoalbumins and glycoproteids, have a still more 
marked acid character ; but in their case the acid reac¬ 
tion is mainly due to another organic group that has 
united with a molecule of a simple proteid. 

In addition to these salt-like compounds of albumin, 
one finds compounds with inorganic material, for example, 
the halogens or iron, in which the halogen or iron is 
present in a more stable organic combination, and not as 
an ion. Some of these have been prepared artificially ; 
others by means of vital processes. It appears certain 
that the organism is capable of forming a stable organic 
compound of proteid containing iodine in which the char¬ 
acter of iodine as an ion is lost, even when the only sub¬ 
stances in the food given contained iodine in an inorganic 
form. 

The chief characteristic reactions of proteids next con¬ 
sidered may be divided into precipitation and colour re¬ 
actions. In virtue of their basic character, most proteids, 
when in the presence of an acid, may be precipitated by 
the precipitants of the alkaloids. As acids, proteids form 
insoluble salts with most of the heavy metals. On these 
facts, methods have been founded for the estimation of 
the basic or acid equivalents of various proteids. Cohn¬ 
heim illustrates this by the following example. The 
hydrochloric acid salt of a proteid and calcium phospho- 
molybdate = the insoluble compound of the proteid with 
phosphomolybdic acid and calcium chloride. Since the 
hydrochloric acid salt of a proteid reacts as an acid to 
phenolphthalein while calcium chloride is neutral, the 
diminution of acidity after precipitation can serve as a 
measure of the basic equivalent of the proteid. The 
more basic forms of proteid, for example, histones and 
protamines, are precipitable by reagents for the alkaloids 
from neutral or even alkaline solutions. 

The colour reactions of the proteids are dependent on 
the presence of certain organic radicles in the proteid 
molecule, and owe their importance to the light which 
they throw upon the chemical structure of the proteids. 
The failure or success of any given colour reaction indi¬ 
cates the absence or presence of the corresponding 
organic group in the proteid molecule. By a careful 
study of the colour reactions and of the simpler decom¬ 
position products of the proteids, it may be possible in 
the future to subdivide the different proteids into struc¬ 
turally distinct classes, and thus to establish a classifica¬ 
tion of the proteids upon a chemical basis. 

The most important of the colour reactions is the biuret 
reaction. The conditions necessary for its occurrence 
have been very fully studied by Schiff. It is given by all 
chemical bodies containing two CONH 2 groups united 
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either directly or by means of an atom of carbon or 
nitrogen, The oxygen in the CONH 2 groups may be 
substituted for sulphur without interference with the re¬ 
action. As all proteids give this reaction, the proteid 
molecule must contain at least one organic group corre¬ 
sponding to one of the three forms described by Schiff. 

The simplest forms of proteid, the protamines, and 
their digestive products the protones, give the biuret re¬ 
action, but none of the other colour reactions of the 
proteids. 

Kossel gives (C 30 H- r N 17 O 0 )„ as the formula of clupein, 
one of the most thoroughly examined protamines. On 
further hydrolytic decomposition, the protones yield the 
hexone bases, arginin, C 6 H 14 N 4 0 2 (guanidin-a-amido- 
propionic acid), and histidin, C B H 0 N;,O 2 , a base of un¬ 
known constitution. The hexone bases appear to be the 
only primary products of decomposition. Their relative 
proportion varies considerably, according to the particular 
protamine examined. None of these hexone bases give 
the biuret reaction, nor does any other one of the pro. 
ducts of decomposition of the proteids of known constitu¬ 
tion. The biuret reaction is therefore in general use as a 
criterion, distinguishing the proteid bodies in the widest 
sense from their simpler products of decomposition. 

The protamines are chemically and, as the work of 
Miescher and others has shown, probably genetically the 
precursors of the more complex forms of proteid. The 
basic organic groups in proteid which give the biuret re¬ 
action are also the most resistant to the action of diges¬ 
tive enzymes, and make up the greater part of Kiihne’s 
so-called anti-group. Starting from these facts, Kossel 
has suggested that the nucleus of the proteid molecule 
has a structure resembling that of protamine. To this 
nucleus other organic groups become added, so as to 
form proteid bodies of more complex structure, and he 
has suggested that upon these facts might be founded a 
chemical classification of the different proteids. The 
steps of the synthesis of proteids within the organisms of 
plants and animals are still, however, too vaguely known 
to admit of such a classification. Further, Kossel’s con¬ 
jecture has not proved to agree completely with the facts, 
proteids being known which give a well-marked biuret 
reaction, although, upon hydrolytic decomposition, they 
yield a relatively small quantity of the hexone bases. One 
may therefore conclude that proteid bodies giving the 
biuret reaction do not always contain a protamine nucleus 
in the sense originally suggested by Kossel ; but the evi¬ 
dence that a group of basic character giving the biuret 
reaction forms the nucleus of the proteid molecule is 
fairly conclusive. The biuret group may belong to any 
of the types defined by Schiff, and there is evidence that 
several biuret groups are present in the more complex 
proteids. One of these groups contains a relatively large 
percentage of sulphur. 

The majority of the other colour reactions of the pro¬ 
teids are dependent on the presence of an aromatic or 
of a carbohydrate radicle. Millon’s reaction is given 
only by bodies which contain a benzene group in which 
one atom of hydrogen has been substituted for hydroxyl. 
The xanthoproteic reaction indicates the presence of 
a benzene group. 

The colour reactions resulting from the presence of a 
carbohydrate radicle may be grouped together as furfurol 
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reactions. On heating with mineral acids many of the 
proteids yield furfurol, which may be detected by the 
colour reactions which it gives with a-naphtho! and 
thymol. In those proteids which contain both an aromatic 
and a carbohydrate group, the addition of thymol or 
a-naphthol is unnecessary, a colour reaction being ob¬ 
tained by the action of the furfurol on an aromatic radicle 
split off from the proteid itself. The chief reactions which 
indicate the presence of a carbohydrate as well as an 
aromatic group are those of Liebermannand Adamkiewicz. 

There are a number of other colour reactions which, 
as yet, have not been so carefully studied as those already 
mentioned. Of these the most important are Petri's 
diazo-reaction, which is also given by the hexoses and 
is, therefore, probably dependent upon a. carbohydrate 
group, Wiirster’s quinone reaction, which appears to- 
depend on the presence of the tyrosine group in proteid, 
and Reichl’s reaction with benzaldehyde, which is also 
given by indo! and scatol. Dr. Cohnheim has omitted 
the discussion of the latter reactions, possibly because 
their significance has not been sufficiently determined. 

Within the limits of a review it would be impossible to 
discuss the next section of the book, which deals with 
the simpler products of the decomposition of proteids 
resulting from the action of various hydrolytic agents,, 
concluding with a very interesting account of the pro¬ 
cesses of decomposition in the metabolism of plants and 
animals. 

After completing the' study of the products of decom¬ 
position, Dr. Cohnheim gives a suggestive summary of 
the views held with regard to the mode of union of the 
elements present in the proteid molecule. It is note¬ 
worthy that in no part of the book is an account given of 
the various attempts to synthesise proteids. 

At the outset of the following chapter, on the classifi¬ 
cation of proteids, the author shows a certain hesitation 
in adopting the usual method of classification, but ulti¬ 
mately decides that at present it is impossible to give a 
satisfactory classification based upon differences of 
chemical structure. He therefore practically adopts 
Hammarsten’s latest classification, which, with some 
modifications, is essentially the same as that proposed by 
Hoppe-Seyler and Drechsel about fifteen years ago. 

Limits of space will not permit one to give more than 
a brief reference to the remainder of the book. In the 
order of treatment of the subject, Dr. Cohnheim has 
adopted a significant departure from the order of classifi¬ 
cation. 

An analogy is frequently drawn between the proteids 
and the carbohydrates in the sense that the native pro¬ 
teids are considered to bear to the primary products of 
their hydrolytic decomposition, namely, the proteoses 
and peptones, a relation similar to that which the more 
complex polysaccharides bear to the dextrins. 

Under the influence of this analogy, Dr. Cohnheim 
deals with the chemistry of the proteoses and peptones 
before commencing his detailed account of the individual 
forms of proteid. One almost regrets that the author 
had not departed still farther from the usual order of 
treatment. Following Kossel’s suggestion, he might first 
of all have dealt with the hexone bases and their anhy¬ 
drides, the protones and protamines. Kossel originally 
proposed the name hexone-bases to mark the analogy 
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between them and the hexoses. The protones would, 
according to this scheme, be considered as comparable 
with the dextrins, and the protamines as comparable 
with starch. It is true that our knowledge is still too 
incomplete to enable us to carry the process still further, 
so as to trace with accuracy the connection between the 
protamines, on the one hand, and the proteoses and pep¬ 
tones on the other ; but that need not prevent us from 
considering the subject in the order above described, 
especially since this arrangement has also the advantage 
of passing from the simple to the more complex. A short 
reference has already been made to the hexone bases, 
the protones and the protamines. To that account the 
following facts may be added. The protamines resemble 
other proteids in being kevorotatory, and have a toxic 
action similar to that of the albumoses. It is worthy of 
mention that, although the salts of the protamines with 
mineral acids are ladvorotatory, those of the hexone base, 
histidin, are dextrorotatory. The protamines also resem¬ 
ble the proteoses and peptones in not being coagulated 
by heat. 

Intermediate between the protamines and the native 
proteids lies a somewhat ill-defined class of proteids 
termed the histones. These have a well-marked basic 
character, being precipitated from their solutions by the 
addition of ammonia. They are not precipitated by 
heat unless a neutral salt of the alkalies be present, and 
even under those conditions they are incompletely pre¬ 
cipitated. Within the organism they are never found in 
the free form ; but always in combination with some 
other organic group, usually either nucleic acid or a pig¬ 
ment. It is asserted that they are occasionally found in 
the urine. 

Their chemical properties place them in a class interme¬ 
diate between the protamines and the simple native 
proteids. On account of their tendency to form com¬ 
pounds with other proteids, they appear to be well fitted 
to serve as precursors of the more complex forms of pro- 
teid. In neutral solutions they give precipitates with 
egg-albumin, serum-globulin, and caseinogen containing 
the two components in a fixed quantitative relation. 

The most important recent advances in our knowledge 
of the proteoses are due to the work of Hofmeister and 
his pupils. They have applied the method of fractional 
precipitationby means of ammonium sulphate and of zinc 
sulphate to the separation of the proteoses resulting from 
the peptic digestion of various proteids, and, although it 
has not yet been found possible to separate by these 
means chemically distinct bodies, the complete separation 
of the proteoses into chemical individuals may be looked 
upon as a probable attainment in the near future. The 
chief difficulty of the separation is due to the fact that 
the proteoses, being all either of an acid or basic charac¬ 
ter, tend to unite together so as to form salt-like com¬ 
pounds. Only the briefest summary of the more recent 
results can be given here. 

The proteoses may be divided into three classes. 

The first class yields, on farther hydrolytic decompo¬ 
sition, a large quantity of monamido- and diamido-acids 
of the fatty series. It also contains a benzene radicle 
in which none of the hydrogen atoms are substituted for 
hydroxyl and a relatively large proportion of both 
loosely and firmly combined sulphur. It corresponds in 
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type to Kiihne’s anti-group and, from the large proportion 
of diamido-acids which it yields, may be regarded as 
more closely allied to protamine than either of the two 
other classes. It is very resistant to hydrolytic agents. 

The second class contains loosely and firmly combined 
sulphur, a benzene radicle in which one hydrogen atom 
has been substituted for hydroxyl and yields a relatively 
small quantity of monamido- and diamido-acids of the 
fatty series. It easily undergoes hydrolytic decomposi¬ 
tion, and is termed the hemi-group. 

The third class has been less thoroughly investigated. 
It is distinguished from the two former classes by the 
presence of a carbohydrate radicle, and is apparently 
absent from the molecule of many native proteids. One 
may regard the molecules of the majority of native 
proteids as being built up by the union of these three 
groups in varying proportions. 

The chemical nature of the peptones is still the subject 
of much controversy. They are characterised mainly by 
not being precipitated by saturation of their acid solutions 
with ammonium sulphate, by giving a well-marked biuret 
reaction, and by yielding on farther hydrolytic decom¬ 
position the hexone bases amongst other products. 

A detailed account of the individual native proteids is 
next given. Then there follows a description of the com¬ 
pound proteids which consist of one or more molecules 
of a simple proteid united with some other body, which 
may be either nucleic acid, chondroitinsulphuric acid, a 
pigment, or a nitrogenous derivative of the polysac¬ 
charides probably bearing the same relation to muco- 
samine or glucosamine as starch does to glucose. Cohn- 
heim places the nucleoalbumins amongst the simple pro¬ 
teids, and suggests phosphoglobins as a more suitable 
name for the group. 

The book terminates with a description of the chemical 
and physical properties of the albuminoids. 

In conclusion, one cannot but feel that Dr. Cohnheim 
has earned the gratitude of both chemists and physio¬ 
logists by his thorough review of the present state of 
knowledge of the chemistry of the proteids. In no other 
branch of chemistry is the literature scattered throughout 
so many journals of very diverse branches of science, 
and this makes the task of reviewing the literature a 
most arduous one. 

As a work of reference the book is indispensable to all 
workers in physiological chemistry. J. A. Milroy. 


MODERN LENS MAKING. 
Contributions to Photographic Optics. By Dr. Otto 

Luramer. Translated and augmented by Prof. 

Silvanus P. Thompson, F.RS, Pp. xi + 135. 

(London : Macmillan and Co., Ltd., 1900.) 

R. LUMMER and Prof. Thompson have given us 
in the above volume a thoroughly practical treatise 
on that part of optics with which it deals, and the book 
does much to prove the truth of a statement of the 
translator’s preface : “In fact the science of the best 
optical instrument-makers is far ahead of the science of 
the text-books.” 

The history of the book is interesting. Dr. Lumraer, 
when working up the subject of photographic optics for 
a new edition of Muller-Pouillet’s text-book of physics 
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